Abstract. In this work we develop a formalism to evaluate wave functions in momentum and coordinate space for the resonant states dynamically generated in a unitary coupled channel approach. The on shell approach for the scattering matrix, commonly used, is also obtained in Quantum Mechanics with a separable potential, which allows one to write wave functions in a trivial way. We develop useful relationships among the couplings of the dynamically generated resonances to the different channels and the wave functions at the origin. The formalism provides an intuitive picture of the resonances in the coupled channel approach, as bound states of one bound channel, which decays into open ones. It also provides an insight and practical rules for evaluating couplings of the resonances to external sources and how to deal with final state interaction in production processes. As an application of the formalism we evaluate the wave functions of the two Λ(1405) states in the πΣ,KN and other coupled channels. It also offers a practical way to study three body systems when two of them cluster into a resonance.
INTRODUCTION
The chiral unitary approach to hadron dynamics has brought a new perspective to deal with the interaction of hadrons and the nature of some resonant mesonic and baryonic states which appear dynamically generated from the interactions and, thus, have a nature quite different to standardstates. With some different formulations at the beginning [1, 2, 3] , the more recent work uses the on shell formulation firstly established on the basis of the N/D method in [4] , where the potential and the t-matrix in momentum space factorize outside the loop function implicit in the Bethe Salpeter equation in coupled channels that one uses in those approaches. This is a very practical way to deal with the problem since one renders the coupled integral equations into a set of algebraic equations, paying a small price which is the fine tuning of some subtraction constant appearing in the dispersion relations involved. The approach is practical and useful, but carries also a handicap which is that one deals with amplitudes in momentum space, and couplings of the dynamically generated resonances to the different channels, and nowhere do wave functions in coordinate space appear in the approach. For instance, all properties of a resonance are given in terms of the mass and width and its couplings to the different channels, obtained from the residues of the amplitudes at the poles in the complex plane. Any intuition about the wave function of the different channels, its magnitude and extent in space, is lost in the approach as well as the meaning of the resonances and the discrete values obtained for the resonant energies. Obviously, these are magnitudes that help to understand the microscopical composition of the dynamically generated states and, hence, a most welcome information. However, this is not all, since the scattering amplitudes do not contain all the information of the wave function. They reflect the wave function at long distances. For some observables the wave function at small distances is needed. This is the case when one studies the response of states to external sources, which require to evaluate form factors, or expectation values of different observables. The wave functions, whether in momentum space or coordinate space, are then needed. To study couplings of the resonance to local sources the wave fucntion around the origin is required, but in the study of form factors one needs to know the wave function at all distances. We provide them both in the present work. They are already proving very useful to study new systems with three or more particles, when two of them cluster to form one of these dynamically generated resonances [5] . The first steps in this direction were done in [6] in order to understand the X(3872) resonance in terms of a molecule of D 0D * 0 and D + D * − and their charge conjugates.
We apply the formalism explained in Ref. [7] to study the wave functions of the two Λ(1405) states generated in the chiral unitary approach [8, 9, 10] . For the description of the Λ(1405) states, we use the chiral unitary approach [8, 11] . In this model there are two Λ(1405) states dynamically generated in the coupled channels of meson-baryon scattering,KN, πΣ, ηΛ and KΞ. The most interesting thing in this model is that two poles exist around the Λ(1405) energy region at z 1 = (1390, −i66) MeV and z 2 = (1426, −i16) MeV [8] . The electromagnetic mean squared radii of Λ(1405) are calculated in Ref. [12] and are shown to be much larger than that of ground state baryons. The Λ(1670) was first reported as a dynamically generated resonance in Refs. [10, 11] and has been corroborated in following works [9, 13] .
WAVE FUNCTIONS
We follow closely the formalism of [6] adapting it to the case of open channels. The detail of our formalism is in Ref. [7] .
Let us consider the Schrödinger equation in N channel. The first thing when dealing with coupled channels is that one must find the boundary conditions for the physical process that one is studying. If we wish to create a resonance from the interaction of many channels at a certain energy we must take a channel which is open at this energy and make the two particles collide, starting from an infinite separation at t = −∞. Let us call channel 1 to this open channel that undergoes the scattering. The equations to solve, with the appropriate boundary condition of a scattering state for channel 1 are
where
and And we can write the wave function in coordinate space as
with
We show in Fig. 1 the wave function in coordinate space at the pole energies of the two Λ(1405), together with that of the Λ(1670). From Fig. 1 , we find that theKN components dominate at 1426 MeV while the πΣ components are dominant at 1390 MeV. This is consistent with the findings of [8, 9, 10, 14, 15, 16] that the pole at higher energies couples most strongly toKN while the one at lower energies couples mostly to πΣ.
The curves correspond to these different energies, which are the energies where we find the poles of the Λ(1390), Λ(1426) and Λ(1670). We can see how the wave function concentrates close to the origin, and both for bound channels, as well as for open channels, fades away rapidly beyond 2 f m, providing a spatial picture of the distribution of the particles of the different channels building up the resonances.
In the case of the Λ(1670) we can see in the last line of Fig. 1 that the dominant component is the KΞ bound state. This resonance would very approximately qualify as a KΞ bound state, as also suggested in Ref. [11] based on the large couplings of the resonance to that state.
SUMMARY
In this work we have developed a formalism to deal with coupled channels in a unitary approach by paying a special attention to constructing the wave functions in the different channels in the case that there are resonances dynamically generated. The paper generalizes what was found before for only bound coupled channels. Here we have bound and open channels and the formalism is subtly different, since contrary to the case of bound states, where only discrete energies are allowed, here we have a continuous energy variable. Many of the results obtained for bound states do not hold for the resonance states. One of the things we do is to identify the meaning of a resonance in the coupled channel approach, and it emerges as an approximate bound state of a coupled channel which can
